This paper assesses the ability of international asset pricing models to explain the cross-sectional variation in expected returns. All the models considered seem to capture national market returns fairly well. However, global portfolios, sorted on earnings-price ratio and market value, pose a special challenge. We find that an unconditional international CAPM cannot explain the cross-sectional variation in these portfolio returns. Interestingly, a conditional international asset pricing model that includes foreign exchange risk factors is able to explain a large part of the variation in average returns. Our empirical work suggests that this model has the same explanatory ability as an international three-factor model, where zero-cost portfolios based on earnings-price ratios and market values are used in addition to the world market portfolio. Importantly, the loadings associated with the zero-cost portfolios are driven out by the characteristics themselves, indicating a misspecification.
Introduction
This paper assesses the ability of international asset pricing models to explain the crosssection of average returns in developed equity markets. International asset pricing models have been under the scrutiny of empirical research several times before. Overall, the results in the literature suggest that an international asset pricing model with or without foreign exchange risk captures national market returns fairly well. 1 Fama and French (1998) document a statistically and economically important global value effect, and provide evidence against the international capital asset pricing model (CAPM). Building on their work on the U.S. market (Fama and French, 1993, 1996) , they propose a model with a world market portfolio and a zero-cost portfolio that captures value versus growth effects. They find that the model captures the time-series variation of returns in developed and emerging markets over and above the international CAPM. They also show that pricing errors across portfolios are smaller with their model. However, Fama and French (1998) consider an unconditional single-factor version in the time series, and do not evaluate their proposed model against an international CAPM with additional economic risk sources. Further, they consider portfolios of primarily large firms, and for this reason, do not study the size effect.
We evaluate international asset pricing models using either national market portfolios, or portfolios sorted according to two characteristics, namely earnings-price ratio and market value. The characteristic-sorted portfolios pose a special challenge for international asset pricing models. We study cross-sectional implications of unconditional and conditional versions of three classes of models: the international CAPM, the international CAPM with foreign exchange risk, and an international three-factor model similar to the models suggested by Fama and French (1993 , 1998 .
The first two classes of models are international asset pricing models based on the CAPM (see Solnik, 1974a , Stulz, 1981 , and Adler and Dumas, 1983 . Adler and Dumas (1983) show that a single-factor model, with the world market portfolio as the only factor, is appropriate only if global capital markets are integrated and there are no deviations from purchasing power parity (PPP). In this case, investors are not concerned about exchange rate risk since all changes in exchange rates are purely nominal. However, if there are deviations from PPP, investors want to hedge against foreign exchange risk. Exchange risk factors must then be included in the international CAPM.
The third class of model builds on Fama and French (1993, 1996) , who suggest an alternative model to the traditional CAPM in a domestic setting. Their empirical model includes two zero-cost portfolios, High-Minus-Low book-to-market ratio (HML) and Small-Minus-Big market value (SMB). They argue that the two additional portfolios proxy for true underlying systematic risk sources. This view, however, has been challenged. Campbell (1996) , Jagannathan and Wang (1996) , Ferson and Harvey (1999) , and Lettau and Ludvigson (2001) show that incorporating conditioning information in a traditional CAPM model improves its cross-sectional explanatory ability. Daniel and Titman (1997) question whether the new portfolios actually reflect systematic risks or simply work as characteristics that describe average returns. As mentioned above, Fama and French (1998) consider, in their study of international data, a model with a world market portfolio and a global HML portfolio. This paper examines whether an international CAPM model performs better or worse than an international version of the empirical three-factor model in explaining the crosssectional variation of returns, and whether adding foreign exchange risk significantly changes this evaluation. We estimate and evaluate the models in their linear beta formulation, and use the generalized method of moments by to simultaneously estimate timeseries and cross-sectional parameters. The sample period is July 1973 to June 1999.
We first consider national market portfolios. All the models seem to capture national market returns reasonably well, both in the time series and in the cross-section. However, the problem lies in the national market returns which show a large variation in standard deviations but a low variation in average returns. Indeed, there is no discriminatory power between the different models. This is the main reason for considering characteristic-sorted portfolios as test assets. These portfolios are based on industry portfolios from developed equity markets, and sorted according to earnings-price ratios and market values in a similar way to Fama and French (1993) and Daniel and Titman (1997) . Our sorting succeeds in giving a high dispersion in average returns while keeping the portfolios well diversified as indicated by low volatility. These portfolios have not been used in earlier studies of international asset pricing models and provide out-of-sample evidence. 2 We document considerable size and value effects. Consequently, we find that an international CAPM without foreign exchange risk cannot explain the variation in average returns of the characteristic-sorted industry portfolios, even when we allow for time-varying expected returns. Interestingly, an asset pricing model which includes foreign exchange risk is able to explain nearly 60% of the variation in average returns. Our empirical work suggests that this model has at least the same explanatory ability as the international threefactor model, where zero-cost portfolios based on earnings-price ratios and market values are used in addition to the world market portfolio. The underlying sources for the success 2 Griffin (2001) and Zhang (2001) use characteristics-sorted international portfolios in a similar way to this study. Both papers use a large number of individual firms in three or four major countries in their sorts, and they primarily focus on how well various international asset pricing models price the characteristics-sorted portfolios on a country-by-country basis. Griffin (2001) finds that the Fama and French factors are local rather than global, whereas Zhang's (2001) main conclusion is that an international CAPM model conditioned on a business cycle variable dominates exchange-rate risks and the Fama and French factors. Our main goal, however, is to study a large cross-section of international portfolios rather than portfolios sorted on a country-by-country basis is discussed and related to multifactor models based on the intertemporal CAPM. To assess model misspecifications, we add non-risk variables, i.e., the characteristics themselves, to the cross-section. The loadings on the zero-cost portfolios are then driven out, indicating a misspecification. In fact, for all classes of models, characteristics help in capturing the variation in average returns. This suggests that certain risk dimensions still need to be captured.
The paper is organized as follows. Section 2 presents the international asset pricing models. Section 3 discusses the estimation methodology and the evaluation criteria. Section 4 describes the portfolio returns and the factors used. Section 5 presents the results, and provides a summary and discussion of the evaluation. Section 6 concludes the paper.
International Asset Pricing Models
In this section we consider three classes of asset pricing models in their linear beta formulation. This is also how we estimate parameters and evaluate the different models. The reason for choosing this framework is that estimates have an easy economic interpretation, and misspecification tests (both regarding average pricing errors and the inclusion of portfolio characteristics) are straightforward. Further, we do not consider complex (non-linear) model specifications that may require a stochastic discount factor approach.
International CAPM
The first class of models builds on the Capital Asset Pricing Model (CAPM), originally developed by Sharpe (1964) and Lintner (1965) , and extended by Black (1972) . In an international context, the CAPM states that expected excess returns on all assets are proportional to the expected excess return on the world market portfolio, with beta as the proportionality factor. This single-factor world CAPM is appropriate when capital markets around the world are integrated and purchasing power parity holds. In this particular case, exchange rate risk is not priced, since all changes in exchange rates merely reflect differences in inflation rates in different countries. That is, the real exchange rate is constant. In its unconditional form, this model can be written as
where E(r i,t+1 ) is the expected return on asset i between time t and t+1 in excess of a riskfree rate of return, λ M = E(r M,t+1 ) is the risk premium of the world market portfolio, and β i,M is the beta of asset i on the market excess return.
Since considerable evidence now exists to suggest that expected excess returns are timevarying, this unconditional specification may be too restrictive. Indeed, in a domestic setting, Harvey (1989) , Harvey (1991), Campbell (1996) , Jagannathan and Wang (1996) , and Lettau and Ludvigson (2001) show that incorporating conditioning information improves the ability of the domestic CAPM to explain the variation in returns. In an international context, Harvey (1991) , Chan, Karolyi, and Stulz (1992) , and De Santis and Gerard (1997) find that a conditional CAPM works better than an unconditional CAPM in explaining the time variation in returns on international equity markets.
Ideally we would like to incorporate in our models the information that investors use when they determine expected returns. Since the true information set of investors is unobservable, however, we have to find observable variables to proxy for the information. We use the excess dividend yield on the world market, described in Section 4, as a proxy for the time variation in expected returns. Let this information variable be denoted by z t . It is predetermined, that is, it is observed at the beginning of the period in which investors make their portfolio decisions. A simple way of incorporating this variable is by scaling the factor return with the instrument, as discussed in Cochrane (2001a) , and used in, for instance, Cochrane (1996) , Hodrick and Zhang (2001) and Lettau and Ludvigson (2001) . 3 That is, we augment the model with the market excess return scaled with the excess dividend yield to obtain a conditional version of the international CAPM
where
) is the risk premium of the scaled excess market return. Note that z t r M,t+1 is a zero-cost portfolio, where the investor borrows at the riskfree rate and invests in the market according to the signal z t . This is also referred to as a managed portfolio or a dynamic trading strategy. If there is no time variation in the exposure of asset i to the market, we expect β i,M z to be equal to zero.
International CAPM with Foreign Exchange Risk
The second class of models we consider is an international CAPM where deviations from purchasing power parity (PPP) exist and exchange rate risk is priced. Investors in different countries calculate real returns using different price deflators, and when PPP is violated, a change in a given price deflator is not necessarily perfectly correlated with the change in the corresponding exchange rate. Investors therefore want to hedge against this risk. Adler and Dumas (1983) show that the pricing model then includes several separate inflation risk premia. Solnik (1983) reaches the same conclusion in an international extension of the arbitrage pricing model of Ross (1976) . Sercu (1980) and Adler and Dumas (1983) show that the choice of reference currency does not matter for the pricing equation. We consider U.S. dollar returns, and to simplify the model, we follow Solnik (1974) and assume that local inflation 3 Jagannathan and Wang (1996) incorporate conditional information to capture time-varying expected returns in a slightly different way. Hansen and Singleton (1982) use information variables to condition down from conditional moment restrictions to unconditional moment restrictions. Bansal, Dahlquist, and Harvey (2002) incorporate dynamic trading strategies in a performance evaluation.
rates are non-stochastic. Therefore, we can substitute exchange rate changes for changes in relative inflation rates, and the only stochastic component in this investment is the change in the exchange rate between the reference currency and the currency of denomination. If we rewrite the model in a beta form, we obtain
That is, we obtain a linear asset pricing model with one market risk premium and J currency risk premia. Here, β i,j is the exposure of asset i to the change in the exchange rate between the reference currency and currency j.
In principle, the model here suggests that one should incorporate as many currencies as there are countries, or markets. For tractability, we include three currencies-the German mark (DEM), the Japanese yen (JPY), and the British pound (GBP). This limitation may lead to a misspecification, but for estimation purposes we need to keep the number of risk factors low. Dumas and Solnik (1995) and De Santis and Gerard (1998) also include three exchange rate factors in their studies, but they consider fewer markets or assets than our study. Although it is common to include an aggregated foreign exchange factor in asset pricing tests, we find that information about the cross-section is lost by aggregating. Vassalou (2000) considers two exchange risk factors-one representing common movements and one representing residual movements-in tests for the pricing of foreign exchange risk.
She also finds that there is information in exchange rates beyond the common component index. 4 The model with currency risk is given by
, and λ GBP = E(r GBP,t+1 ) are the risk premia of the portfolios that mimic the foreign exchange rate factors. Hence, the model can actually be seen as a five-factor model. We also consider a version where there is no dynamic market strategy.
Finally, note that there are other classes of asset pricing models with multiple sources of risk. For instance, there are intertemporal models with additional state variables capturing time variation in the investment opportunity set as in Merton (1973) , or additional risk factors as in the arbitrage pricing theory developed by Ross (1976) and others. These models also lead to expressions for expected excess returns with multiple betas. One could argue that the specifications above actually capture either state variables or additional risk factors, which is consistent with the empirical results of this paper. Related to this, Ferson and Harvey (1994) examine multifactor models in an international unconditional setting, and choose factors that measure global economic risks. They find that only the world market and an exchange rate variable are significantly priced, whereas other macroeconomic variables, e.g.
inflation and industrial production, are not associated with significant risk premia. Hence, we focus on market risk and risk related to exchange rate fluctuations.
World Market, HML and SMB Model
The third class of models we study is an international version of the three-factor model proposed by Fama and French (1993, 1996) . In this model, two zero-cost portfolios are added as risk factors in addition to the excess market return. The two factors are the High-MinusLow earnings-price ratio portfolio (HML) and the Small-Minus-Big market value portfolio (SMB). (The construction of these portfolios is described in Section 4.) Whereas Fama and French (1998) consider a two-factor version (the world market and the HML portfolio) in their study of international data, the three-factor model in this paper can be written as
where λ HM L = E(r HM L,t+1 ) and λ SM B = E(r SM B,t+1 ) are the risk premia of the HML and SMB portfolios. We follow the original formulation of the model and do not consider a conditional version.
We include this empirical model in our study to determine whether these proposed risk factors can capture the cross-section of international risk premia and to compare the pricing errors from this model with the other models we evaluate. We do not attempt to determine whether the proposed risk factors are due to compensation for risk or not. 5 We will, however, use the characteristics themselves (earnings-price ratio and market value) in misspecification tests of the various models, as suggested by Jagannathan and Wang (1998) .
Methodology and Estimation Issues
In this section, we present the estimation approach and discuss testable implications in the time series as well as in the cross-section. (A detailed description is given in Appendix A.) 5 A debate can be found in the literature as to whether the two additional factors are proxies for certain underlying risk variables or whether they capture some return patterns that are not associated with systematic risk sources. See Daniel and Titman (1997) , Davis, Fama, and French (2000) , Fama and French (1995) , Ferson and Harvey (1999) , Jagannathan and Wang (1996) , Lakonishok, Shleifer, and Vishny (1994) , Lettau and Ludvigson (2001) , and Liew and Vassalou (2000) for contributions to the discussion of the underlying sources of the U.S. value and size effects.
We employ the generalized method of moments (GMM) of to estimate all parameters simultaneously as in Cochrane (2001b) , and similar to Bansal and Dahlquist (2000) and Jagannathan and Wang (2001) . The way we choose moment conditions in the GMM framework gives us parameter estimates that correspond to usual least squares estimates.
In this framework, specific distributional assumptions of the asset returns are not required, and we do not need to work in a normally independently and identically distributed setting.
We can handle both conditional heteroskedasticity and serial correlation in pricing errors.
Moreover, we obtain a goodness-of-fit test of zero pricing errors for all test assets jointly.
Our approach is different from traditional approaches in which exposures to risk factors are estimated in a first step, and where the estimated exposures are used in a second step to estimate risk premia (see Black, Jensen, and Scholes, 1972, and Fama and MacBeth, 1973, for early examples). The advantage of a simultaneous estimation is that we avoid the problem of generated regressors in the second step. In fact, the estimation procedure takes this into account, and it is not necessary to develop further methods and corrections as for the twostep procedure (see, for instance, Shanken, 1992 , and Jagannathan and Wang, 1996 , 1998 .
Consider N test assets, each with T observations (t = 1, 2, . . . , T ). Let r t+1 be a vector of the excess returns on all risk factors. That is, for the three model classes, we have
where the number of factors in the model (the dimension of r t+1 ) is denoted by K. Further, let β i be a vector of all exposures to the risk factors. Similarly, let λ denote the vector of risk premia. Both β i and λ have K elements. We are interested in estimating the exposures and the risk premia simultaneously.
The β i s are identified in our first two sets of moment conditions
where we follow the literature and add a constant term in the times series. The first two sets of moment conditions (9) and (10) are then exactly identified. We have N × (K + 1) moment conditions and the same number of parameters. The point estimates from these two sets of moment conditions correspond to the usual least squares estimates. The constant, or the "alpha," should according to theory be equal to zero as we consider zero-cost portfolios as factors. Indeed, checking whether the alphas are all equal to zero is a common way of evaluating models in the time series. We will comment on the alphas of the various models, but the focus in our evaluation is on the ability of the various models to explain the crosssection of expected excess returns. To identify the risk premia, we add the following set of moment conditions
Deviations in (11) are referred to as pricing errors. The risk premia estimates are restricted to be equal to the usual least squares estimates in a regression of average excess returns on the estimated betas as described in Appendix A.
We also consider two alternative formulations to assess the models' ability to capture the cross-section of average returns. The estimation approach extends in a straightforward way for these formulations. First, we add a constant, λ 0 , to the cross-section
Note, however, that the constant term should be zero according to theory, and a non-zero constant indicates that a model cannot price the assets on average. A non-zero λ 0 can also be interpreted as a zero-beta rate different from the riskfree rate that is imposed. In some specifications, the sign and magnitude of the estimated risk premia are found to depend on the inclusion of the constant. This sensitivity to the inclusion of the constant is discussed when we present the results (see also Cochrane, 2001 , for a general discussion of efficiency versus robustness in evaluations of asset pricing models).
Second, we introduce characteristics in order to examine the cross-sectional variation in risk premia. Jagannathan and Wang (1998) show that when a linear beta-pricing model is misspecified in the sense that expected returns are not exactly linear in the factors, characteristics can be used to perform misspecification tests. If asset characteristics such as size or earnings-price ratios are added to a correctly specified model, they should not explain any cross-sectional variation in returns when the betas for the correct factors are included.
If, however, the model is misspecified, they show that the t-ratios associated with the characteristics converge to infinity in probability. Hence, significant characteristics are a sign of model misspecification. This can also detect so called useless factors considered in Kan and Zhang (1999) . If characteristics indeed are significant, we can conclude that the model lacks some important dimensions of risk. More specifically, consider the following specification
where C i is a vector of characteristics associated with asset i. As mentioned above, we consider the average earnings-price ratio and market value as characteristics. In sum, including these additional characteristics can help us evaluate the performance of the models.
Data
This section offers a brief description of the data used in our evaluation. We discuss the portfolios used as test assets, and provide summary statistics. We also describe the global factor returns. In Appendix B, we consider a potential survivorship bias, but conclude that our results cannot be attributed to such a bias.
Test Assets
We consider three sets of test assets: national market portfolios, global characteristic-sorted portfolios, and global industry portfolios. All portfolios are for developed equity markets.
We collect monthly total returns in local currency, and convert them into U.S. dollar returns using month-end spot exchange rates. Excess returns are calculated by subtracting the onemonth Eurodollar rate for each month. All data are from Datastream; the sample period is July 1973 to June 1999, yielding 312 observations in total.
National Market Portfolios
The first set of assets consists of total market returns in 19 developed equity markets. 
Characteristic-Sorted Portfolios
The second set of assets consists of characteristic-sorted industry portfolios. In the Datastream database, all stocks are assigned to one of 39 industry sectors according to the Financial Times Actuaries industry classification of each company. Based on this classification, Datastream calculates industry indices, both national and global, and also provides dividend-price ratios, earnings-price ratios and total market values for each industry. The industry categories are listed in Table 1 . 7 We use all available industry portfolios from the developed markets in our analysis.
However, not all industries are represented in each country at each point in time. Typically, in a given country, more industries are represented at the end of the sample period than at the beginning. Furthermore, Finland, Norway, Spain and Sweden were not included in the database until the 1980s. In sum, we use a minimum of 285 and a maximum of 536 industry portfolios in our sorting procedure. For each industry portfolio we collect monthly total returns in U.S. dollars, earnings-price ratios and market values. Market value is the sum of the total market capitalization, in U.S. dollars, of all constituents in a given portfolio. Earnings-price ratio is calculated as total earnings for an industry divided by the total market value for that industry.
We use earnings-price ratio and market value as characteristics, and sort all industry portfolios into 25 characteristic-sorted portfolios in a similar fashion to Fama and French (1993) , and Daniel and Titman (1997) . More precisely, the sorting is done in the following way. At June 30 in each year, we rank all industries according to their earnings-price ratios, and then sort them into five categories. Within each of these five categories, we further sort all assets into five categories based on market value. We consider portfolios that are initially equally weighted or value-weighted. We calculate buy-and-hold returns for the next 12 months, and then we rebalance each portfolio in a new sorting based on the updated values of the characteristics.
We also consider the dividend-price ratio as an alternative valuation ratio in the sorting procedure. The correlations between portfolios based on earnings-price ratio/market value and portfolios based on dividend-price ratio/market value range between 0.78 and 0.98, with an average of 0.87. Further, rank correlations between the dividend-price and earningsprice ratios for all industries were about 60% each year. The differences in our evaluation were minor and the results are therefore not reported.
Global Industry Portfolios
The third set of test assets consists of 39 global industry portfolios. These portfolios are constructed by Datastream and are value-weighted indices of national industry portfolios aggregated over all markets.
Summary Statistics of Portfolio Returns
In our evaluation, we start by considering returns on national markets. This is common in other studies of international asset pricing models (see, for instance, Harvey, 1991 , Ferson and Harvey, 1993 , and Dumas and Solnik, 1995 . However, as we later demonstrate, it is difficult to evaluate the ability of the asset pricing models to explain the cross-section of expected returns using national market returns. The reason for this is the low dispersion in the returns. This caveat is the main reason we study characteristic-sorted portfolios.
The difference between our characteristic-sorted portfolios and the national market portfolios can be seen in Figures 1a and 1b , where average returns and standard deviations for the three sets of assets are depicted. Figure 1a shows the equally weighted characteristicsorted portfolios (each portfolio is represented by a square). Figure 1b shows average returns and standard deviations for the national market portfolios (triangles) and the global industry portfolios (circles). While the characteristic-sorted portfolios in Figure 1a have a large dispersion in average returns, the opposite is the case for the national market and global industry portfolios. They show a large variation in standard deviations but a low variation in average returns. Our sorting procedure thus succeeds in giving a high dispersion in average returns. This suggests that we should have the power to evaluate and discriminate between different asset pricing models as we try to explain the cross-sectional variation in expected returns. Hence, an evaluation that only uses developed market portfolios or global industry portfolios as test assets may lack the power to reject different model specifications.
In Table 2 we report summary statistics for the characteristic-sorted portfolios. The label EP1 (EP5) refers to the portfolio with the lowest (highest) earnings-price ratio, and MV1
(MV5) refers to the portfolio with the smallest (largest) market value. Panel A shows that the average monthly excess returns vary between 0.35% and 1.94% per month for buy-andhold portfolios which are initially equally weighted. The general pattern reveals that excess returns increase with the earnings-price ratio within a size category, reflecting the value effect (see Fama and French, 1998) . It is also the case that average returns decrease when size increases for a given earnings-price ratio, which is in line with the size effect (see Heston, Rouwenhorst, and Wessels, 1995) . All portfolios seem to be well diversified, having relatively low standard deviations, but no pattern is evident across earnings-price or market value. Panel A also shows the average earnings-price ratios and market values during the sample period for the sorted portfolios. As expected, the earnings-price ratio increases within each size category and the market value increases within each earnings-price category.
Panel B shows average excess returns and standard deviations of buy-and-hold portfolios which are initially value-weighted. The dispersion in average returns is somewhat lower, but still high (between 0.33% and 1.59% per month). The standard deviations in Panel B are about the same as in Panel A. As the main results are the same for the two sets of portfolios, we only present results for one set, namely the portfolios which are initially equally weighted.
The dispersion in average returns may well be related to the January effect documented by Keim (1983) and more recently by Daniel and Titman (1997) . We therefore calculate average excess returns for portfolios for January and other months separately. This is reported in Panel C. It is indeed the case that average returns are much higher in January than in the other months. However, the question is whether the pattern in returns discussed above disappears when we separate January returns from the rest of the year. This is not the casehigher earnings-price portfolios have higher returns whether or not we look at January or the other months, and the same is true for portfolios with low market values compared to high market values. We will not elaborate any further on the January effect.
Global Factor Returns
In our evaluation, we use different combinations of global portfolios as risk factors. All global risk factors are investable zero-cost portfolios.
All the asset pricing models we consider include the market factor, here the dollar return on the Datastream world market portfolio in excess of the one-month Eurodollar deposit rate. This factor is meant to capture the global market exposure in the international version of the CAPM. We also consider a scaled market return, referred to as dynamic market.
It is the market excess return at time t + 1 multiplied by the world excess dividend yield (i.e., the dividend yield on the world market portfolio in excess of the one-month Eurodollar deposit rate), scaled to obtain a mean of zero. The actual investment strategy then is to borrow an amount (varying over time) and invest this amount in the world market. The amount invested varies according to the excess dividend yield. It can be noted that the U.S.
dividend yield has been shown to have predictive power for future stock returns in various international studies (see, for instance, Harvey, 1991 , Bekaert and Hodrick, 1992 , Ferson and Harvey, 1993 , Dumas and Solnik, 1995 , and De Santis and Gerard, 1997 . Further, the excess dividend yield is considered by Bekaert and Harvey (1995) and Bekaert and Harvey (1997) . Recently, Ang and Bekaert (2001) find that the short rate is a robust short-run predictor of stock returns. Note that the excess dividend carries both information about the dividend yield and the short rate. To confirm the predictive ability of our instrument, we ran regressions of characteristic-sorted portfolio returns on a constant and the lagged value of the excess world dividend yield. The adjusted R-squares in these regressions were up to 4.5% on a monthly horizon, and 23 of the 25 regression coefficients were significant at the 5% significance level.
For the second class of asset pricing models, we use three currency returns-the German mark (DEM), the Japanese yen (JPY), and the British pound (GBP)-as proxies for the foreign exchange risk factors.
The portfolios in the third class of models are inspired by the work of Fama and French (1993, 1996) on U.S. data and Fama and French (1998) on international data. High-MinusLow (HML) refers to the return on a portfolio of high earnings-price industries minus the return on a portfolio of low earnings-price industries. This portfolio is created by investing an equal amount in industries in the top third as ranked by earnings-price and selling short an equal amount of industries in the bottom third. Small-Minus-Big (SMB) refers to the return on a portfolio of low market value industries minus the return on a portfolio of high market value industries, constructed in the same way as the HML portfolio.
Summary statistics for the zero-cost portfolios are shown in Table 3 . The excess return on the market is about 0.46% per month with a standard deviation of 4.26% per month.
Note that both the HML and SMB portfolios have average excess returns at least as high as the market portfolio, but with much lower standard deviations (both about 2.28% per month). Hence, the table highlights the value and size effects in our data. This is in line with previous findings on U.S. data (see Fama and French, 1993, 1996) , and on international data (see Fama and French, 1998, and Heston, Rouwenhorst, and Wessels, 1995) . The table also shows that the world market portfolio is positively correlated with the currency returns, but negatively correlated with the HML and SMB portfolios. We find the highest correlations among the currency returns. Finally, we note that the ratio between the average and the standard deviation of the dynamic strategy is high. This is consistent with the evidence in Bansal, Dahlquist, and Harvey (2002) .
Main Results
We now turn to the main aim of this paper, namely to investigate whether international asset pricing models can explain the cross-sectional variation in average returns. We first consider national market portfolios and then the characteristic-sorted portfolios.
For a given model, we estimate the betas and risk premia, and assess whether the pricing errors are significantly different from zero. Recall that the betas and risk premia are estimated jointly in the GMM system, as described in Section 3. The main questions we address are whether the risk factors are priced (i.e., command risk premia) and whether a model specification is able to capture the cross-sectional variation in average returns as measured by a cross-sectional R-square. We further undertake misspecification tests of average pricing errors and the significance of non-risk variables.
National Market Portfolios
We will begin with a brief discussion of the time-series results for the national market portfolios (not reported in a table), before turning to the cross-sectional results.
In the international CAPM (with or without foreign exchange risk) few of the time-series alphas are individually significant in the unconditional and conditional versions. The average alpha is less than 0.2% per month. We cannot reject the null hypothesis of jointly zero alphas. These results are consistent with evidence reported in other studies of the international CAPM (see, for instance, Harvey, 1991, and Fama and French, 1998 reports the adjusted coefficient of determination between fitted returns generated by each model and actual average returns. Each row in the table corresponds to one particular specification: Specification 1 is the unconditional international CAPM, 2 is the conditional version of the international CAPM, 3 is the unconditional international CAPM with foreign exchange risk, 4 is its conditional version, and 5 is the three-factor model. Rows labeled with an "a" present the base specification and rows labeled with a "b" include a constant
It is also worth noting that the estimates of the market risk premium λ M are about 0.55%
per month in all specifications. This is somewhat higher than the times-series average of 0.46% per month. The market premium is statistically significant when a constant is not included; the constant term is never significant. Note also that neither the risk premia associated with the foreign exchange factors (λ DEM , λ JP Y , and λ GBP ) nor the HML and SMB portfolios (λ HM L and λ SM B ) are significant. The dynamic market premium λ M z is marginally significant in a joint test with the market risk premium. The adjusted R-square between predicted expected returns and realized average returns is also notably higher in the conditional CAPM. Combined with foreign exchange risk the adjusted R-square is somewhat higher, indicating that this model is better than the other models in explaining the cross-section of national market returns.
Characteristic-Sorted Portfolios
First, we present the cross-sectional results for each model class separately, and then add non-risk variables, i.e., characteristics, to the models and discuss misspecifications. Finally, we discuss and interpret the overall results and present some further evaluations.
International CAPM
Panel A in Table 5 shows the results for the international CAPM. In the unconditional specification in (1a) the market premium is positive and statistically significant. However, when a constant term is included in (2a), the market risk premium is negative and significantly so.
Moreover, the constant term is large in magnitude and highly significant. Further, it is simply too large to be due to a zero-beta rate different from the imposed riskfree rate. This result implies a negative relation between average excess returns and market betas, which is inconsistent with a single-factor model. The cross-sectional adjusted R-square is 31%, but this stems from a negative relation between average excess returns and fitted expected returns.
Further, the null hypothesis of zero pricing errors is rejected. In the conditional version, the risk premium on the dynamic market portfolio is significant and adds explanatory power in the cross-section. Our interpretation is that the information variable captures time-varying expected returns. However, the constant is still significant and we can reject the hypothesis of zero pricing errors.
In Figure 2a we plot the average returns against the predicted expected returns from the unconditional CAPM. A true model would, ignoring estimation errors, produce observations along the 45-degree line. The figure reveals that there is almost no dispersion in predicted expected returns. Hence, the model does not capture the large cross-sectional variation in average returns.
Another question is whether the model produces a pattern in the pricing errors. Does the model price all 25 portfolios equally badly, or can the rejection of the model be explained by a few problematic portfolios? Figure 2b shows pricing errors across portfolios, which are identified by a two-digit number. For example, portfolio 11 is the EP1/MV1 portfolio, that is, the portfolio with low earnings-price and low market value; portfolio 12 is the EP1/MV2 portfolio, and so on. The squares show the average pricing error for each portfolio, and the error bars represent 95% confidence bands. The pricing errors are in the range of -0.5% to 1.5% per month. The figure shows that the international CAPM cannot price the high earnings-price portfolios correctly, particularly the small market value portfolios in these categories.
We conclude that the international CAPM cannot explain the cross-section of returns on the characteristic-sorted portfolios. This result is in line with the results in Fama and French (1998), but differ from the results in Harvey (1991) , and Ferson and Harvey (1993) who document a fairly good fit with the CAPM. However, their analysis is in the time series, while here it is in the cross-section. Further, they consider national market indices, whereas we use characteristic-sorted industry portfolios as test assets. As we noted above, the CAPM does a reasonable job when national market indices are used as test assets.
International CAPM with Foreign Exchange Risk
Panel B in Table 5 shows the results for the international CAPM that includes foreign exchange risk. The estimated market risk premium in the unconditional version in (3a) is about 0.54%, which is somewhat lower in magnitude than the specifications without foreign exchange risk. Regarding the foreign exchange risk premia, it is only the risk premium associated with the GBP that is individually significant. However, exchange rate risk premia are jointly statistically significant. Recall that the correlations across the foreign exchange factors are high, which makes it difficult to interpret individual premia. It is important to note that the betas associated with the foreign exchange returns are in most cases significant in the time-series estimation, and cannot be seen as useless factors in the sense of Kan and Zhang (1999) . Moreover, it turns out that characteristics themselves are only marginal significant for this specification, adding support for the exchange risk premia. This is further discussed below.
The conditional version of the international CAPM with foreign exchange risk in (4a) improves the fit considerably. The model gives a cross-sectional adjusted R-square of 58% between fitted expected returns and realized average returns. Both the dynamic market strategy and the foreign exchange portfolios contribute. The market risk premia and the foreign exchange risk premia are jointly significant. The constant term in (4b) is positive and statistically significant, suggesting that the model leaves out a certain risk dimension.
The constant is too large to be attributed to a zero-beta rate different from the deposit rate that we impose. Still, we find the improvement over the unconditional model encouraging:
an international asset pricing model is able to explain the cross-section of the characteristicsorted portfolios. Figure 3a displays the average returns against predicted expected returns for the conditional version of the international CAPM with foreign exchange risk. The improvement in fit is visible (compare the fit in Figure 2a ). An examination of Figure 3b shows that the model prices the portfolios with less error than the international CAPM without foreign exchange risk, especially the high earnings-price portfolios. The high earnings-price, low market value portfolio is still the portfolio with largest pricing errors. The magnitude has, however, been reduced from 1.5% per month to 0.5% per month.
Finally, note that we consider a specification consistent with the intertemporal asset pricing models with hedging demands in Merton (1973) . In fact, he explicitly discusses a threefund separation theorem with stochastic interest rates, which is not very different from the specification considered here. We cannot distinguish the model with foreign exchange risk from a model with hedging demands, also yielding multi-beta models. This is further discussed below.
World Market, HML and SMB Model
The results for the three-factor model are reported in Panel C of Table 5 . The market risk premium in (5a) is positive but statistically not significant. The estimate is lower than in previous specifications. The risk premia associated with the HML and SMB portfolios are positive and significant, suggesting that strategies based on earnings-price and market value command positive risk premia. The magnitude and significance of the HML and SMB premia do not change when a constant term is included in (5b). However, the market risk premium is then negative (though not significant). The cross-sectional adjusted R-square is about 55%, which is about the same as for the conditional version of the international CAPM with foreign exchange risk.
In Figure 4a the average returns and the predicted expected returns from this model are depicted. The model is comparable with the conditional foreign exchange model in its ability to explain the dispersion of average returns on the characteristic-sorted portfolios. Figure   4b reveals a possible systematic pattern in the pricing errors, namely a positive relation between the pricing error and the market value for a given earnings-price ratio. The exception is in the five portfolios with the highest earnings-price ratio, where the model prices the portfolios correctly except the smallest one, which again seems to be the most mispriced portfolio. Table 6 reports the results when the characteristics themselves (average earning-price ratios and average log market values) are added to the model specifications. The rows are labeled (1c) to (5c) and correspond to rows (1b) to (5b) in Table 5 , discussed above.
Adding Characteristics to the Models
In the unconditional CAPM in (1c), the estimated characteristics premia associated with earnings-price and market value (γ EP and γ M V ) have the expected signs based on the results of the sorting procedure: γ EP is positive and statistically significant, whereas γ M V is negative (but only marginally significant). That is, high earnings-price portfolios and low market value portfolios tend to have higher returns, even after correcting for world market exposure. The adjusted R-square is as high as 71% when we add the two characteristics to the world market portfolio. When we add the conditional variable in (2c), the adjusted R-square increases further to 78%. The significance of the characteristics is evidence against the international CAPM.
The significance of the characteristics is not as pronounced in the international CAPM with foreign exchange risk in (3c) and (4c). The characteristics are jointly statistically insignificant (a p-value of 0.14). The cross-sectional R-squares increase when we add the characteristics but the marginal contribution is less than for the international CAPM without foreign exchange risk.
Finally, we add the characteristics to the market, HML and SMB model in (5c). This seems to drive out the exposures to the HML and SMB portfolios-both the HML and SMB premia are insignificant and change sign, whereas the premium associated with the average earnings-price characteristic is significant. The overall conclusion is that the models do not seem to explain all the cross-sectional variation and the characteristics capture further dimensions of risk.
Further Evaluations and Discussion
We conclude from the evaluation that two models seem to be equally good of capturing the cross-sectional variation in returns on the characteristic-sorted portfolios. The world market, HML and SMB model has a high R-square in the cross-section, as does the international CAPM that includes the foreign exchange risk. In contrast, the international CAPM model that does not include exchange rate risk shows larger pricing errors, and has a lower explanatory power than the other two models. It is encouraging that an international asset pricing model is able to explain a large part of the cross-sectional variation in returns.
Which dimensions of risk do the various models capture? Put differently, are there substantial differences between the two best performing models in our study (i.e., the conditional version of the international CAPM with foreign exchange risk and the world market, HML and SMB model)? In an attempt to answer this question, we compared the alphas and the average pricing errors from the two models across the characteristic-sorted portfolios (not reported). We found an overall positive relation between the pricing errors of the portfolios-the correlation between the two models' pricing errors is about 0.44. Overall, it appears that the two models have the same sign and about the same magnitude in the market value dimension, but that they price the earnings-price dimension somewhat differently. Lettau and Ludvigson (2001) conjecture in a domestic setting that the HML and SMB portfolios pick up time variation in returns. That is, the HML and SMB portfolios mimick portfolios for risk sources associated with this time variation and are not necessarily compensation for systematic risk unrelated to the market risk. In our case, these portfolios may simply be proxies for conditional market and foreign exchange risk.
As noted earlier, there are other classes of asset pricing models that lead to multibeta formulations. In particular, the intertemporal CAPM includes hedging demands beyond the market portfolio. It is interesting to note that Merton (1973) actually considers an example with dynamics in interest rates, leading to changes in the investment opportunity set. This is, in one sense, what is included in the model with foreign exchange risk. The underlying risk sources are different, however. In particular, as this study is considering global portfolios (aggregated across markets), we would expect that much of the foreign exchange risk would cancel out. Still, the foreign exchange factors seem to matter, both statistically and, more importantly, economically.
Related to the intertemporal CAPM, Vassalou (2001) provides evidence that suggests that news related to future GDP growth help explain expected returns on U.S. size and book-to-market portfolios. This is consistent with the view that the HML and SMB port-folios capture information about economy-wide risks, which affect the investment opportunity set. It is well documented that interest rate variables are related to future economic growth (see, for instance, Harvey, 1988, and Plosser, 1994) . This is particularly interesting in an international context where the foreign exchange factors carry information about interest rate differentials and potentially about future economic growth.
Importantly, Ferson and Harvey (1999) find that conditional information variables, related to the term structure of interest rates, have explanatory ability beyond the SMB and HML portfolios. Furthermore, Zhang (2001) shows that implications of the international CAPM are not rejected when business cycle variables related to industrial production are used as conditioning information.
We further investigate whether, on the one hand, the international CAPM with foreign exchange risk can explain the expected returns on the HML and SMB portfolios, and whether, on the other hand, the empirical three-factor model can capture the expected returns on the foreign exchange portfolios. We find that the international CAPM with foreign exchange risk produces no significant pricing errors for the HML and SMB portfolios (in a joint system with the characteristic-sorted portfolios). However, the three-factor model leaves a significant pricing error for a conditional foreign exchange portfolio. This is consistent with the evidence in Bansal and Dahlquist (2000) , Bansal, Hsieh, and Viswanathan (1993) , and Dumas and Solnik (1995) , who all show that it is difficult to price the returns on currency strategies.
We also consider the 39 global industry portfolios (not reported), and obtain mixed results. The time-series results suggest that the average alphas are lower in absolute terms for the global industry portfolios than for the other test assets (the national market or characteristicsorted portfolios). The cross-sectional results show that the tests of zero pricing errors cannot be rejected for any specification, but the explanatory power is in general lower than for the other test assets. All market risk premia are negative. Further, premia associated with foreign exchange factors and the HML or SMB portfolios are not statistically significant. In fact, no model seems to capture the return variation in global industry portfolios particularly well, a result that may be worth exploring in the future.
Conclusion
This paper assesses the ability of various international asset pricing models to explain the cross-sectional variation in expected returns. We consider unconditional and conditional versions of the international CAPM, the international CAPM with foreign exchange risk, and an international three-factor model similar to the models suggested by Fama and French (1993 , 1998 .
All the models seem to capture national market returns reasonably well. However, the national market returns show a large variation in standard deviations but a low dispersion in average returns. Indeed, there is no discriminatory power between the different models, and the null hypothesis of zero pricing errors is not rejected in any specification. We therefore consider portfolios sorted according to two characteristics, namely earnings-price ratio and market value.
We find significant size and value premia in international equity markets, and the portfolios sorted on characteristics pose a special challenge. Interestingly, we find that a conditional CAPM that includes foreign exchange risk factors is able to explain a large part of the variation in average returns. Our empirical work suggests that this model has at least the same explanatory ability as the international three-factor model, where zero-cost portfolios based on earnings-price ratios and market values are used in addition to the world market portfolio. We find these results to be encouraging given that the international CAPM with foreign exchange risk is justified by theory. The underlying sources for the success is discussed and related to multifactor models based on the intertemporal CAPM.
To assess model misspecifications, we add non-risk variables, i.e., the characteristics themselves, to the cross-section. The loadings on the zero-cost portfolios are then driven out, indicating a misspecification. In fact, for all classes of models, characteristics help in capturing the variation in average returns. This suggests that certain risk dimensions still need to be explained.
A. Estimation Details
This appendix shows the estimation in more detail. Let θ 0 denote the true parameter vector that we want to estimate. It is given by
where the β i and λ vectors depend on the model specification. By stacking the sample counterparts of the moment conditions in (9), (10), and (11), we have a vector of moment
where X t summarizes the data used to form the moments conditions. The vector g T (θ)
has the dimension N (K + 1) + N . The two first sets of moment conditions, given by (9) and (10), identify the α i and β i parameters-there are N (K + 1) parameters and also N (K + 1) moment conditions. The third set of moment conditions, given by (11), however, is overidentified-we have N moment conditions, but only K parameters.
We estimate the parameters by setting linear combinations of g T equal to zero. That is, the moment conditions can be written as
where A T is a (N (K + 1) + K) × (N (K + 1) + N ) matrix. In particular, our choice of A T is designed to ensure that the point estimates are the ones given by least squares. The following A T matrix results in least square point estimates
where I N (K+1) is the identity matrix with dimension
vector or zeros and 0 K×N (K+1) denotes a K×N (K + 1) matrix of zeros, and theβ i s are given below. This choice of A T ensures that
and the point estimator, θ T , is then given bŷ
where i = 1, 2, . . . , N , and r i and r are the sample averages of r i,t+1 and r t+1 , respectively.
Note that the α i and β i estimates are exactly the least square estimates obtained in a regression of the assets' excess returns on the risk factors. Further, the λ estimate is the least square estimate obtained in a regression of average returns on the betas.
As shown in , when linear combinations of g T are set equal to zero as in (16), the asymptotic distribution of θ T is given by
and where D 0 is the gradient of the moment conditions in (15 ). The sample counterpart S T is estimated using the procedure in Newey and West (1987) 
B. An Assessment of Survivorship Bias in the Data
There is a legitimate concern that our industry data are affected by survivorship bias since the indices are backfilled. That is, existing firms in the database at the beginning of 1999 are included in the indices from their respective starting dates, but firms that disappeared between 1973 and 1999 are not included. This sample selection has the potential to contaminate our results, as it might be the well-performing stocks that survived and were included in the indices. We therefore wanted to evaluate how serious this potential bias is.
We aggregated the national industry portfolios and compare the resulting national market returns with the MSCI national market returns, which are frequently used and considered to be free of survivorship biases. More specifically, we constructed a portfolio of all industries in a given country with weights according to each industry's market value at the beginning of each month. We then calculated the return on this value-weighted portfolio for the month, with a rebalance at the beginning of the next month. The deviations in mean re-turns of the constructed returns and the corresponding MSCI national market returns were small in magnitude. The overall average monthly return was 1.17% per month for MSCI indices and 1.25% per month for our constructed indices. Hence, the average difference was only 0.08% per month, which is low compared with the large variation in average returns for the characteristic-sorted portfolios reported in Table 2 (from 0.35% to 1.94% per month).
The standard deviations are also close to each other, with an average of 6.70% for the MSCI indices and 6.64% for our return series. Moreover, the correlations between the two sets of returns are high (ranging from 91% to 99.6%, with an average of 97.3%). We therefore concluded that the potential survivorship bias is not a major problem in our evaluation. A more detailed comparison of the portfolio returns are available from the authors. This table presents summary statistics for characteristic-sorted industry portfolios. The industry portfolios are first sorted according to the earnings-price ratio and then according to total market value within each earnings-price category. EP1 (EP5) refers to portfolios with the lowest (highest) earnings-price, and MV1 (MV5) refers to portfolios with the smallest (largest) market value. Panel A shows average monthly excess returns (total monthly return in USD less the return on a one-month Eurodollar deposit, in %) and the standard deviation of monthly excess returns for buy-and-hold portfolios which are initially equally weighted. The average earnings-price ratio (in %) and the average of log market value in USD million are also reported. Panel B shows average excess returns and standard deviations of excess returns for buy-and-hold portfolios which are initially value-weighted. Panel C shows average excess returns for January (left-hand side of the This table presents results from the cross-section using the national market portfolios, and reports estimated risk premia from various model specifications. Panel A shows results for the international CAPM, where the risk factor is the excess return on the world market portfolio. Panel B shows results for the international CAPM with foreign exchange risk, where the excess returns on the world market portfolio and three currency deposits (DEM, JPY, GBP) are the risk factors. Panel C shows results for a model where the world market portfolio is augmented with the returns on two zero-cost portfolios, HML and SMB. A "z" added to the risk premium indicates that the risk factor has been scaled with a conditioning instrument, i.e., the excess dividend yield on the world market portfolio. Autocorrelation and heteroscedasticity consistent standard errors for the estimated risk premia are reported in parentheses. The columns labeled "Tests of joint significance" report p-values from tests of jointly significant risk premia associated with the market, foreign exchange, HML and SMB, and all premia (not including the constant term). The column labeled "Adjusted R-square" reports the adjusted coefficient of determination between fitted returns generated by the model and actual realized returns on the assets. This table presents results from the cross-section using the characteristic-sorted industry portfolios, and reports estimated risk premia and characteristics premia from various model specifications. Panel A shows results for the international CAPM, where the risk factor is the excess return on the world market portfolio. Panel B shows results for the international CAPM with foreign exchange risk, where the excess returns on the world market portfolio and three currency deposits (DEM, JPY, GBP) are the risk factors. Panel C shows results for a model where the world market portfolio is augmented with the returns on two zero-cost portfolios, HML and SMB. A "z" added to the risk premium indicates that the risk factor has been scaled with a conditioning instrument, i.e., the excess dividend yield on the world market portfolio. Autocorrelation and heteroscedasticity consistent standard errors for the estimated risk premia are reported in parentheses. The columns labeled "Tests of joint significance" report p-values from tests of jointly significant risk premia associated with the market, foreign exchange, HML and SMB, and all premia (not including the constant term). The column labeled "Adjusted R-square" reports the adjusted coefficient of determination between fitted returns generated by the model and actual realized returns on the assets. This table presents results from the cross-section using the characteristic-sorted industry portfolios, and reports estimated risk premia and characteristics premia from various model specifications. Panel A shows results for the international CAPM, where the risk factor is the excess return on the world market portfolio. Panel B shows results for the international CAPM with foreign exchange risk, where the excess returns on the world market portfolio and three currency deposits (DEM, JPY, GBP) are the risk factors. Panel C shows results for a model where the world market portfolio is augmented with the returns on two zero-cost portfolios, HML and SMB. A "z" added to the risk premium indicates that the risk factor has been scaled with a conditioning instrument, i.e., the excess dividend yield on the world market portfolio. Autocorrelation and heteroscedasticity consistent standard errors for the estimated risk premia are reported in parentheses. The column labeled "Tests of joint significance" reports the p-value from a test of jointly significant characteristics premia. The column labeled "Adjusted R-square" reports the adjusted coefficient of determination between fitted returns generated by the model and actual realized returns on the assets.
Figure 1: Global Portfolio Excess Returns
Figures 1a and 1b show average monthly excess returns (in % per month) and standard deviations of returns (in % per month). Figure 1a shows the moments for 25 characteristic-sorted international industry portfolios (squares). The 25 portfolios are sorted according to earnings-price ratios and market values. Figure 1b shows the moments for 19 national market portfolios (triangles) and 39 global industry portfolios (circles). The country portfolio returns and global industry portfolio returns are calculated by Datastream. The returns are all in U.S. dollars and in excess of a one-month Eurodollar deposit rate. The sample period is July 1973 to June 1999. Figure 2a shows predicted excess returns versus average realized excess returns (in % per month) on the 25 characteristic-sorted international industry portfolios. Each scatter point represents one portfolio. The predicted returns represented by the squares are the fitted values from the estimation of E(ri,t+1) = λM βi,M , where βi,M is the world market exposure of portfolio i, and λM is the risk premium associated with the world market. The straight line is a 45-degree line from the origin. Figure 2b shows the pricing errors (in % per month) for each of the 25 portfolios. The squares represent the average pricing error for each portfolio, and the error bars represent 95% confidence bands. The portfolios are identified by a two-digit number. Portfolio 11 is, for example, the EP1/MV1 portfolio, that is, the portfolio with low earnings-price and low market value. Portfolio 12 is the EP1/MV2 portfolio, and so on. The sample period is July 1973 to June 1999. Figure 3a shows predicted excess returns versus average realized excess returns (in % per month) on the 25 characteristic-sorted international industry portfolios. Each scatter point represents one portfolio. The predicted returns represented by the squares are the fitted values from the estimation of E(ri,t+1) = λM βi,M +λMzβi,Mz + λDEM βi,DEM + λJP Y βi,JP Y + λGBP βi,GBP , where βi,M is the world market exposure of portfolio i, βi,DEM , βi,JP Y , and βi,GBP are the exposures to the DEM, JPY, and the GBP, and βi,Mz is the exposure to the scaled world market factor. The factor is scaled with the the excess world dividend yield. The λM , λMz, λDEM , λJP Y , and λGBP are the risk premia associated with the factors. The straight line is a 45-degree line from the origin. Figure 3b shows the pricing errors (in % per month) for each of the 25 portfolios. The squares represent the average pricing error for each portfolio, and the error bars represent 95% confidence bands. The portfolios are identified by a two-digit number. Portfolio 11 is, for example, the EP1/MV1 portfolio, that is, the portfolio with low earnings-price and low market value. Portfolio 12 is the EP1/MV2 portfolio, and so on. The sample period is July 1973 to June 1999. Figure 4a shows predicted excess returns versus average realized excess returns (in % per month) on the 25 characteristic-sorted international industry portfolios. Each scatter point represents one portfolio. The predicted returns represented by the squares are the fitted values from the estimation of E(ri,t+1) = λM βi,M + λHMLβi,HML + λSMBβi,SMB, where βi,M is the world market exposure of portfolio i, βi,HML is the exposure to the HML factor, and βi,SMB is the exposure to the SMB factor. The λM , λHML, and λSMB are the risk premia associated with the factors. The straight line is a 45-degree line from the origin. Figure 4b shows the pricing errors (in % per month) for each of the 25 portfolios. The squares represent the average pricing error for each portfolio, and the error bars represent 95% confidence bands. The portfolios are identified by a two-digit number. Portfolio 11 is, for example, the EP1/MV1 portfolio, that is, the portfolio with low earnings-price and low market value. Portfolio 12 is the EP1/MV2 portfolio, and so on. The sample period is July 1973 to June 1999.
Figure 2: International CAPM, Unconditional

Figure 3: International CAPM with Foreign Exchange Risk
